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Abstract: In this present study, by reorganizing and classifying the bird banding and recovery records from 1985 to 2012, we 
discussed the current research status of the migrations of Black-necked Cranes (Grus nigricollis) in China. The results showed that 
94 Black-necked Cranes in total were banded and 13 among them were also attached with satellite transmitters. Whereas, only 66 
counts were recovered, i.e., 27 or 28 birds (same color ring combinations were used on two individuals repeatedly, but were 
recovered at different places), indicating a recovery rate of 28.72% or 29.79%, while, most of the recovery (63 counts, 95.45%) 
happened in wintering sites. Data of banding showed that Black-necked Cranes hit their sexual maturity at the age>5 years, and the 
morphological indexes of the sub-adults are all smaller than those of the adults. After being banded, the average life span of banded 
individuals was 40440 months (n=26, 1-161 months). Moreover, the recovery records indicate three migration routes of Black- 
necked Cranes: (1) the eastern flyway: from the Greater Ruoergai wetland area (breeding ground) of Sichuan and Gansu Provinces to 
northeastern Yunnan and northwestern Guizhou Provinces; (2) the central flyway: from the Longbaotan Nature Reserve of Qinghai 
Province (breeding ground, several other breeding sites along this route are located in northwest Sichuan Province) to the Napahai 
Natural Reserve, Yunnan Province (wintering ground); (3) from the vast area of northwestern Qinghai, Xinjiang, and northern Tibet 
(breeding ground) to the Yarlung Zangbo valley, southcentral Tibet and Bhutan. Our findings provide useful information to the 
relevant conservation and research facilities and institutes upon the banding, recovery and protection of the Black-necked Cranes. We 
recommend carrying out bird banding at breeding sites, while intensifying banding recovery and observation at wintering sites. 
Moreover, to establish long-term and stable information platforms and facilitate communication, it is urgent and necessary to 
standarize the banding and morphology measuring systems. 
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WE: WOK 1985—2012 4E, WE 30 4Erp ESSE VJ [I6] E AER, (Grus nigricollis) T5 plici BET T BAIL, DOSER 
BLR ERT DEBT e DEI, JRA e DN Ir, ATAU ISO J Pa SHE s s Inca. RA RA AS: RE 
FLITE B (K 94 H, Hr 13 Hist Bat has; SEDER d BES 66 HX, A 27 Ek 28 HESS PR Gp 
2AMABM AG EM, FF ACETAL OWES). iss 28.72% BK 29.79%; A HEE 63 HX, id 95.45%. | 
SACRE IE BH T PASSE te EN A, hr, PS AREER AR, BUDO KK aD SAR AES PE, AE ES 
280 AG ANWR AE. FRIAR PG Dn jS np dE LES De ek AR SAAN} AE. PIS PRS Hs PR SES ITI E US tE, RRE 
AVES I] EAS & 7 VETE E IT RAE © RAZ EI PR RUE PAE Sb ee BS IST TS SP 44452 AH (n=26) , REN 1 
^H. BK 2317S, BE 204p. BiB BR eS eA EAS EA I A, ERR met HEEL TE RT 
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Migration 1s a regular seasonal movement of anim- 
als from breeding to wintering grounds. The phenomena 
of bird migration have fascinated biologists from time 
immemorial. To clarify the characters of migration and 
movementsof birds, Newton (2008) classified birds’ 
movement into six different types: everyday routine 
movements, one-way dispersal movements, migration, 
dispersive migration, irruptions or invasion migration 
and nomadism. Bird migration was then defined as a 
regular (back and forth) seasonal and long distance 
movement with clear directions between breeding 
(Newton, 2008). 
According to the residential situations of birds in 


grounds to  wintering grounds 
different grounds, the birds can be categorized into three 
different types: residents, migrants (summer visitors and 
winter visitors) and vagrants. 

The Black-necked Crane (Grus nigricollis) is a 
typical migrant species that mainly inhabits the Tibetan 
Plateau and the Yunnan-Guizhou Plateau. Every year, 
from October to November, they fly from the breeding 
grounds to the wintering grounds located at low altitude 
and low latitude areas, and then fly back to the breeding 
grounds from late March to early April (L1 & Li, 2005). 
Up to now, the countries and areas (N20?-40?, E78?- 
108?) with recorded Black-necked Crane distributions 
include China, Bhutan, Nepal, Myanmar, Vietnam and 
Kashmir (Kong, 2012). The breeding grounds of Black- 
necked Cranes are concentrated on the Tibetan Plateau 
and its edgy areas (N31°-40°, E79°-104°, 2,600-5,000 
m a.s.l.), including Tibet, Qinghai, Gansu, Sichuan and 
Xinjiang Provinces and Autonomous regions with 
breeding populations rarely being found in Kashmir 
(N33°-35°, E78°-79°) (Li & Li, 2005). However, during 
a survey conducted in Lop Nur Wild Camel National 
Nature Reserve, Ma et al (2011) also sighted Black- 
necked Cranes in the Akeqi valley (790 m a.s.l.). The 
wintering grounds (N25?-30?, E87?-105?, 1,900 — 3,900 
m a.s.l.) of Black-necked Cranes mainly include the 
southeastern area of the Tibetan Plateau, the drainage 
areas of the Yarlung Zangbo River and its tributaries 
(Lhasa River and Nyang Qu River), the Yunnan-Guizhou 
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Plateau and the valleys in middle and northeastern 
Bhutan (Li & Li, 2005). According to the statistical results 
of Birdlife International (2009), there are approximately 
11,000 Black-necked Cranes worldwide. Except for the 
wintering population with about 300 individuals in north 
Bhutan, few breeding pairs in Kashmir and scattered 
records at Myanmar and Vietnam, most of the Black- 
necked Cranes are distributed in China. ' 

Studies on the migration of Black-necked Cranes 
can be tracked back to 1980s. Wu et al (1989, 1994) 
carried out studies on bird banding (21 individuals were 
banded with color rings) and recovery on the breeding 
populations in the Ruoergai Nature Reserve, Sichuan 
Province (hereinafter referred to as Ruoergai) and 
Longbaotan Nature Reserve (hereinafter referred to as 
Longbaotan), Qinghaihu Lake, Qinghai Province, as 
well as the wintering populations in Caohai Natural 
Reserve, Weining, Guizhou Province (hereinafter 
referred to asCaohai), and Napahai Natural Reserve, 
Shangri-La, Yunnan Province (hereinafter referred to as 
Napahai). In 2000, the International Crane Foundation 
(ICF) banded the breeding population (18 individuals) 
at the Shenzha plateau wetland, Tibet (hereinafter 
referred to as Shenzha) (Archibald, 2005). During 
wintering period of 1994-1995 and 2002-2003, ICF 
banded and observed 10 Black-necked Cranes at 
Caohai (Li, 1997, 2003). In February 1998, by 
collaborating with Wild Bird Society of Japan, ICF 
captured two juveniles and one adult Black-necked 
Crane at the wintering site of the Bomdeling valley, 
Bhutan, and attached one juvenile with a satellite 
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transmitter. The satellite tracking results showed that 
during spring migration, this juvenile flew across the 
Himalaya Mountains, to the Xigaze area, Tibet, and 
then after a brief stop, reached Shenzha to spend its 
summer (the straight distance from the Bomdeling 
valley, Bhutan to Shenzha is approximately 480 km) 
(Archibald, 2005; Li & Li, 2005). From 2005-2007, the 
Kunming Institute of Zoology of Chinese Academy of 
Sciences (KIZ), ICF and the National Bird Banding 
Center of China (NBBC) worked together on a satellite 
tracking project of the Black-necked Crane populations 
in the Dashanbao Nature Reserve, Zhaotong, northeast 
Yunnan (hereinafter referred to as Dashanbao and 
Caohai. Via the satellite transmitters attached on eight 
Black-necked Cranes, the migration route between the 
breeding sites in Ruoergai, Sichuan to the wintering 
sites in northeast Yunnan and northwestern Guizhou 
Provinces, as well as the 13 stopover sites along the 
route were confirmed (the total migration distance was 
674—713 km) (Gao et al, 2007; Qian et al, 2009). From 
2008-2010, KIZ, Hong Kong (China) Exploration and 
Research Society, ICF and NBBC banded six Black- 
necked Cranes wintering in Napahai and then via the 
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satellite transmitters attached on five individuals, four 
novel breeding sites (including Daocheng, Litang, 
Baiyu and Xinlong Counties) were discovered 
(migration distance was 180 km, with five stopovers 
along the route) (Liu et al, 2012). 

Based on previous studies, especially the banding 
and recovery records from Caohai, Dashanbao, Napahai 
and Ruoergai since 2004, this present study outlines the 
status of banding and recovery of Black-necked Cranes in 
China, providing basic information for the protection and 
studies of Black-necked Cranes, and is meaningful in 
promoting communication worldwide and facilitating the 
establishment of the protection network of Black-necked 


Cranes. 


STUDY AREAS, METERIALS AND METHODS 
Study areas 

The survey areas covered in this present study incl- 
ude the main breeding and wintering grounds of Black- 
necked Cranes: the Greater Ruergai area, Longbaotan, 
Shenzha, Caohai, Dashanbao, Napahai and the Black- 
necked Crane National Nature Reserve on the middle 
reaches of the Yarlung Zangbo River (Figure 1). 


Figure 1 Black-necked Crane range map 


Black lines are confirmed migration routes. Map made by Dorn Moore of International Crane Foundation 
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The Greater Ruoergai area, located in the 
northwestern section of Sichuan Province, includes 
Ruoergai, Hongyuan, Aba, Songpan Counties and the 
Maqu, Luqu Counties in southern Gansu Province. The 
main area, Ruoergai County (N32°20'-34°20', 
E102°00'-103°20'), is 3,400-4,000 m in altitude and is 
characterized with alpine cold and warm continental 
monsoon climate (Li & Li, 2005). 

(N33°09'-33°17', E96°24'-96°37', 
4,100-4,200 m a.s.l with surrounding mountains of 5,270 


Longbaotan 


m a.s.l) is a long and narrow plateau basin (25 km from 
east to west, 4 km from south to north) located in Jielong 
town, Yushu County, Qinghai Province, and is charac- 
terized with Alpine cold and semi-humid continental 
climate (Li & Li, 2005). 

Shenzha, located in the Nanqiangtang Lake basin 
(an area mostly formedfrom lakes in Tibet), is one of the 
major breeding habitats of Black-necked Cranes in north 
Tibet. This area is 4,500-5,000 m in altitude and is 
characterized with subalpine cold semi-arid monsoon 
climate (Li & Li, 2005). 

Caohai, located in the suburb of Weining County, 
Guizhou Province, is a plateau wetland ecosystem 
protecting Black-necked Cranes and their wintering 
habitats. The entire area is 96 km?, including the whole 
lake catchment area, while, the lake basin area is 47 km’, 
including the Caohai Lake and surrounding swaps and 
wetlands (Li, 1999). 

Dashanbao, located in Zhaoyang District, Zhaotong, 
Yunnan Province, includes the entire Dashanbao Township 
(N27°18'3"-27°29'15", E103?14'55"-103?23'49") and 
has 19,200 ha. It is a plateau with small mountain bodies 
with relatively similar altitudes and is characterized with 
subalpine semi-humid monsoon climate (Zhong & Dao, 
2005). 

Napahai, located in the northwestern part of Shangri- 
La County Diqing Tibetan Autonomous Prefecture, 
(N27°49'-27°55’, 
E99°37'-99°43'), is a typical flat inter-mountain basin 
(3,266 m a.s.l, 10 km from south to north, 2.3-4.2 km 
from east to west) (Mu, 2007). The area is 3,435 ha with 
half in wetlands and the other half in meadows and 


northwestern Yunnan Province 


farmland. The lake surface is 31.5 km? during high flow 
periods and most of the lake bodies are shallow swamps 
(Li & Yang, 2005). 

The Black-necked Crane National Nature Reserve 
on the middle reaches of the Yarlung Zangbo River is a 
major wintering site, including 18 counties and areas 
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along the drainage areas of Yarlung Zangbo River and its 
tributaries (Lhasa River and Nyang Qu River) (Tsamchu 
& Bishop, 2005). It was extended to the grounds of the 
Pengbo Black-necked Crane Nature Reserve in 2003. 
The latter was 96.8 km? in area and is located in the 
Linzhou County, Lhasa. By then, the Yanghu area of 
Langkazi County, Shannan Region and the valley of the 
middle reaches of the Yarlung Zangbo River were all 
included in one nature reserve and renamed as the Black- 
necked Crane National Nature Reserve on the middle 
reaches of the Yarlung Zangbo River (N28?40'-30?17', 
E87?34'-91?54^). This renamed nature reserve involves 
three regions and six counties of Rikaze, Shannan and 
Lhasa Prefectures, is 614,350 ha in total area and can be 
divided into three major areas: (1) the Rikaze middle 
river valley area (252,068 ha) of the Yarlung Zangbo 
River, including Lazi, Rikazi, Nanmulin, Xietongmen 
and Sajia Counties; (2) the river valley (176,257 ha) of 
the drainage of Lhasa River, including Linzhou, Dazi 
amd Mozhugongka Counties; and (3) the wetlands of 
Yamdrok Lake (186,025 ha), including Langkazi and 
Gongga Counties (Xu et al, 2009). 


Banding methods and materials 

Applications and methods like loops, pursue nets, 
ensnared via mediator crane or direct capture of juveniles 
were used to capture individuals (Archibald, 2005; Wu et 
al, 1994). The captured individuals were banded with 
color PVC foot rings (from ICF) and metal rings (from 
NBBC and each one was engraved with a unique 
number). The PVC foot rings printed with or without 
numbers are in small (2 cm in width) or large sizes (5 cm 
in width) with six different colors, 1.e., red, yellow, green, 
white, blue and orange. Since 2008, the ICF, NBBC and 
KIZ have reached an agreement to band Black-necked 
Cranes at Caohai (green), Dashanbao (yellow) and 
Napahai (red) with three-digit-numbered large color 
rings. The color rings were attached on the tibiotarsus of 
the tarsal metatarsal joint, while, the metal rings were on 
the tarsometatarsus. 

Some of the banded individuals were also attached 
with the satellite transmitters provided by Microwave 
Telemetry Inc. (model PTT-100, lengthxwidthxheight 
—94 mmx33 mmx30 mm, length of antenna=178 mm, 
weight-95 g (1.3%-1.7% of the average body weight of 
Black-necked Cranes (Gao et al, 2007)). The satellite 
transmitter was stabilized on the back of an individual by 
a polytetrafluoroethylene band crossing the chest. The 
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end of the band was sutured together with biodegradable 
materials, therefore, the satellite transmitter would 
eventually fall off on its own (Dwyer, 1972; Nagendran 
et al, 1994). 

The age of Black-necked Cranes can be estimated 
through their feather colors. The juveniles (<three 
months old) are covered with buffy down feathers, with 
pale colors showing on the neck and abdomen; flesh pink 
bills; flesh pink or grey tarsal metatarsal; incapable of 
flying. The sub-adults (4-10 months old) are covered 
with gray and pale feathers, with gray and brown colors 
showing on shoulders, back and wings; grayish black or 
yellow-brown feathers (usually seen in younger indivi- 
duals) on head and neck; large areas of gray spots behind 
the eyes; gray brown tail feathers. The adults (71 year 
old) are covered with gray feathers mixed with black or 
brown; 2/3 of the feathers on the head and neck are 
blackwith a red naked area on top of the head; gray 
spots behind eyes; flight feathers and tail feathers are 
dark brown; flesh pink bills with sage green at the tip and 
yellow at the corner; tarsal metatarsal, toes and feet in 
black (Li & Li, 2005). Because gender cannot be 
determined by morphological features, differences 
caused by sex were not discussed in here. 

All the captured and banded individuals went 
through morphological measurements, including body 
weight, body length, wing length, tarsal metatarsal length, 
bill length and tail length. In this present study, the life 


span (months) after being banded was defined as from 
the time the individual was initially banded to the last 
time this banded individual was observed. 


Statistical analysis 

All data were checked for normality by using 
Kolmogorov-Smirnov test. Because all the data were in 
normal distributions, the parametric test was used for 
statistical analysis (Zar, 1999). T-test with two indep- 
endent samples was used to analyze the differences 
between adults and sub-adults. Data were analyzed by 
the two-tailed test via SPSS 16.0 (SPSS Inc., Chicago, 
USA). P«0.05 was taken as a significant statistical 
difference. 


RESULTS 


Banding of Black-necked Cranes 

The banding of Black-necked Cranes can be tracked 
back to 1985. Until 2012, 94 individuals in China were 
banded, including 38 adults, 18 sub-adults, 29 juveniles 
and 9 individuals of unknown age. Banding areas include 
Ruoergai Longbaotan, Qinghaihu Lake, Bangetuoba 
wetland (Shenzha County, Tibet) three other breeding 
sites (Shenzha, Boluohu Lake and Mujiucuo), as well as 
three wintering sites (Dashanbao, Caohai and Napahai) 
(Table 1). Among the 13 banded individuals also carrying 
satellite transmitters, 7 were from Dashanbao, one was 
from Caohai, and 5 were from Napahai. 


Table 1 Distribution and number of the banded Black-necked Cranes in China 


Banding sites 


Number of banded individuals (n) 








Adults Sub-adults Juveniles Unknown Total 
Ruoergai wetlands, Sichuan 5 1 2 8 
Longbaotan wetlands and Qianghaihu Lake, Qinghai 9 9 
Shenzha wetlands, Tibet 18 18 
Napahai Nature Reserve, Yunnan 3 4 7 
Dashanbao Nature Reserve, Yunnan 20 6 3 29 
Caohai Nature Reserve, Yunnan 10 6 5 21 
Unknown 1 1 2 
Total 38 18 29 9 94 


Recovery of the banded Black-necked Cranes 

During field observations, 66 counts of banding 
recovery, 1.e., 27 or 28 birds (same color ring combinations 
were used repeatedly on two individuals banded in Shenzha, 
but were recovered at different places), indicating a reco- 
very rate of 28.72% or 29.79%. Sixty-three counts (95.4596) 


Zoological Research 


were discovered at the wintering sites and only three counts 
were discovered at the breeding sites of Ruoergai (Table 2). 


Migration routes from breeding sites to wintering sites 


The Black-necked Cranes banded at breeding sites 
were recorded 10 or 11 counts (7 or 8 individuals) at 
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wintering sites, i.e., 2 individuals banded at Ruoergai 
were recorded in Caohai, 1 individual banded at Long- 
baotan was recorded in Napahai, 4 or 5 individuals ban- 
ded at Shenzha, were recorded in the surrounding areas 
of Rikaze, the Yarlung Zangbo Valley, Tibet. One crane 
banded at Dashanbao was recorded at Gahai Nature 
Reserve, Gansu (Table 3). 


Movements between wintering sites 
Eight Black-necked Cranes (17 counts) banded 


at Caohai were discovered at wintering sites, i.e., 5 
individuals (12 counts) were observed repeatedly at 
Caohai, 1 individual (1 counts) was observed at 
Wenping Town, Ludian County, Yunnan, 1 individual 
(2 counts) was observed at Dashanbao, 1 individual (2 
counts) was observed at Mashu Town, Qiaojia County, 
Yunnan. Among the other 10 individuals (32 counts) 
banded at Dashanbao, 8 individuals (30 counts) were 
observed repeatedly at Dashanbao, while, only 2 
individuals were observed at Caohai (Table 4). 


Table 2 Recovery records of the banded Black-necked Cranes in China 





Recovery sites Counts (n) Individuals (n) 
Sichuan Ruoergai wetlands 3 3 
Tibet The Yarlung Zangbo Valley 8 4/5 
Guizhou Caohai Nature Reserve 17 10 
Dashanbao Nature Reserve 34 10 
Wenping Town, Ludian County 1 1 
Yunnan 
Mashu Town, Qiaojia County 2 1 
Napahai Nature Reserve, Shangri-La 1 1 
Total 66 


Table 3 Migration routes confirmed by the banding and recovery records of Black-necked Cranes in China 





Breeding site to wintering site Counts (n) Individuals (n) 
Ruoergai Nature Reserve, Sichuan to Caohai Nature Reserve, Guizhou 2 2 
Gahai Nature Reserve, Gansu to Dashanbao Nature Reserve, Yunnan 1 1 
Longbaotan Nature Reserve, Qinghai to Napahai Nature Reserve, Yunnan 1 1 
Shenzha, Tibet to the YarlungZangbo Valley, Tibet 7/8 4/5 


Total 


11/12 8/9 


Table 4 Movements between wintering sites indicated by the banding and recovery records of Black-necked Cranes in China 





Wintering site to wintering site Counts (n) Individuals (n) 
Caohai Nature Reserve, Guizhou to Caohai Nature Reserve, Guizhou 12 5 
Caohai Nature Reserve, Guizhou to Dashanbao Nature Reserve, Yunnan 2 1 
Caohai Nature Reserve, Guizhou to Wenping Village, Zhaotong, Yunnan 1 1 
Caohai Nature Reserve, Guizhou to Mashu Village, Qiaojia, Yunnan 2 1 
Dashanbao Nature Reserve, Yunnan to Dashanbao Nature Reserve, Yunnan 30 8 
Dashanbao Nature Reserve, Yunnan to Caohai Nature Reserve, Guizhou 2 2 
Total 49 18 


Morphological measurements 
The body weight, body length (F3.=4.99, 
P=0.031), wing length (F33;=4.96, P=0.033), tarsal 
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length, bill length and tail length of adults were all 
higher or significantly higher than those of the sub- 
adults (Table 5). 
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Table 5 Morphological differences between adult and sub-adult Black-necked Cranes 














Adult Sub-adult Statistical parameters Li & Li, 
Mean n Mean n F df P 2005 
Body weight (g) 6172.55+665.91 31 5825.00+887.26 10 1.33 39 0.255 5055 
Body Length (cm) 119.80+11.33 30 113.18+6.52 10 4.99 38 0.031* 117.35 
Wing Length (cm) 70.45+11.15 26 62.36+6.67 9 4.96 33 0.033* 57.5 
Tarsal Length (cm) 24.5442.04 27 24.3122.16 9 0.08 34 0.775 23.9 
Bill Length (cm) 12.31241.03 25 11.69+0.98 9 0.28 32 0.603 11.75 
Tail Length (cm) 25.6744.02 25 23.9442.57 9 0.71 32 0.406 22.4 


*P<0.05. 


The reproductive age of Black-necked Cranes 

The banding and recovery records showed that one 
sub-adult Black-necked Crane banded (right leg, red ring, 
No. 140) on December 16, 1986, Guizhou, was sighted 
during the winterof 1991-1992 and 1992-1993 with 
family members comprised of 2 adults/1 juvenile and 2 
adults/2 juveniles, respectively. A sub-adult banded (left- 
green-red, right-green) at Dashanbao on March 12, 2009 
was observed uncoupled until January 14, 2014. 
Therefore, we assumed that adult=5-year-old is capable 
of reproduction. 


The life span after banding 

Based on available banding and recovery data, we 
assumed that the average life span of banded Black- 
necked Cranes was 40-40 months (n=26, 1-161 months). 





DISCSSION 


The banding and recovery of Black-necked Cranes 

In China, studies on the migration of Black-necked 
Cranes can be tracked back to the 1980s. Ninety-four 
Black-necked Cranes in total were banded [35 (37.23%) 
individuals were banded at breeding sites, 57 (60.64%) 
were banded at wintering sites and 2 were unknown] and 
13 of them were also carrying satellite transmitters. 
Fewer individuals were banded in breeding sites than in 
wintering sites and were all done before 2000. Since 
2000, all of the bird banding was finished at the 
wintering sites. Relatively, juveniles and sub-adults are 
easier to capture and are more beneficial in the later 
tracking of their development and reproduction. The 
majority (31, 85.71%) of the banded individuals (35) at 
breeding sites were juveniles (30) and sub-adults (1). 
Therefore, we suggest that in the future, breeding sites 
should be used as the bird banding sites. 

The recovery data showed 66 (28.72% or 29.79%) 
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observation counts (27 or 28 individuals) in total and 63 
(95.45%) of them were from the wintering sites, while 
only 3 counts were from the breeding sites of Ruoergai. 
Li & L1 (2005) claimed that because the Black-necked 
Cranes were more scattered due to the widely spread 
geographic conditions of breeding sites and also because 
of the large numbers of swamps and lakes in these areas, 
it was difficult for observers to get close to the indiv- 
iduals, therefore the recovery rates of breeding sites were 
low, whereas, at wintering sites, individuals were distrib- 
uted in relatively small areas and were easier to approach. 
So, we suggest that observation of banded individuals at 
wintering sites should be reinforced. 

The off-site recovery data showed that 7 or 8 indivi- 
duals (10 or 11 counts) banded at breeding sites were 
observed at wintering sites and one bird banded at a 
wintering site was observed at a breeding site, while, 17 
individuals (49 counts) banded at wintering sites were 
observed at wintering sites. We assumed that the off-site 
numerical differences in recovery rates were caused by 
(1) the absolute number of banded 
individuals at the breeding site was smaller than that of 


two reasons: 


the wintering site; (2) the individuals banded at a 
wintering sites were more likely to be observed at the 
same wintering site. The goal of migration study is to 
determine the connections between breeding sites and 
wintering sites of certain species and movement patterns 
of these species among different locations. Therefore, in 
the future, to be able to observe more individuals at the 
wintering sites, more individuals should be banded both 
at the breeding and the wintering sites, consequently, 
more abundant data could be acquired to determine the 
migration routes and winter movements of the Black- 
necked Cranes. 

Although the combinations of PVC color rings and 
metal rings were applied in all the studies, in the field 
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survey; individuals could only be identified by the color 
rings or numbers, while, the metal rings were unable to 
be clearly read and could merely be used as indications 
of being banded. Based on field experience, small color 
rings (width-2 cm) are the most easily recognized, 
whereas, the number reading on the large color rings 
(width-5 cm) can be significantly affected by weather 
conditions. However, due to the limited combinations of 
smaller color rings, they cannot meet the requirement of 
banding massive populations, so large color rings 
combined with numbers are still the optimal banding 
choice. Moreover, red, yellow and green are easier to 
spot than orange, blue and white. And natural fall off is 
observed in both the colored and metal rings. 


The migration routes of Black-necked Cranes 

Three migration routes were confirmed by the ban- 
ding and recovery data of Black-necked Cranes: (1) from 
Ruoergai to Caohai and from Gahai to Dashabao, 1.e., 
Black-necked Cranes that breed at the Greater Ruoergai 
wetlands (including Maqu and Luqu Counties, south 
Gansu) are wintering in northeast Yunnan and 
northwestern Guizhou (including Caohai, Dashanbao, 
Huize and Xundian). Individuals that migrate along this 
route are considered as the east population and this 
migration route was validated by satellite tracking (Gao 
et al, 2007; Qian et al, 2009). The stopovers along this 
route include Jinyang, Meigu, Ganluo, Shimian, 
Hanyuan, Luding, Tianquan, Lixian, Hongyuan and Aba 
2007); (2) from 


Longbaotan (breeding area) to Napahai (wintering area) 


Counties, Sichuan (Gao et al, 
(Wu et al, 1994). Populations using this route are 
considered the middle population. However, satellite 
tracking results showed that 5 individuals wintering in 
Napahai did not migrate back to Qinghai, but stopped at 
Daocheng, Lang, Baiyu and Xinlong Counties in 
western Sichuan instead (Liu et al, 2012). The local 
survey conducted by Wang et al (2013) also indicates 
that the Haizishan National Nature Reserve located at 
Daocheng and Litang Counties, Tibetan Autonomous 
Prefecture of Garze, Sichuan, is an important breeding 
site and stopover of the migration of Black-necked 
Cranes, and 51 adults and 5 sub-adults were observed 
there; (3) from Shenzha to Rikaze, Tibet, i.e., Black- 
necked Cranes breeding in southeast Xinjiang and west 
Qinghai fly across the Tanggula Mountain Pass, while 
the individuals breeding in north and northwest Tibet 
migrate from high altitude areas toward the south or 
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southeast to low altitude areas (Yarlung Zangbo valley 
and the middle section valleys of its tributaries). Some 
individuals breeding in Shenzha wetlands, north Tibet fly 
across the Himalaya Mountains and spend the winter in 
Bhutan (Archibald, 2005; Wu et al, 1994). These popula- 
tions are the west populations. Although so far, no direct 
evidence can prove the wintering sites of the populations 
of west Qinghai and Xingjiang, via the population size in 
East Kunlun-Altun Mountain, Xinjiang, it can be 
assumed that these populations are wintering in the 
valleys of Yarlung Zangbo River and its tributaries. The 
survey conducted from September-November, 2011 
discovered 126 individuals in the East Kunlun-Altun 
Mountain area, indicating a population of 220-260 
individuals in this area (Zhang et al, 2012). 


Morphological measurements 

In this present study, we found that the body weight, 
body length (F55474.99, P=0.031), wing length (F'33=4.96, 
P=0.033), traunsa length, bill length and tail length of 
adults were all higher or significantly higher than those 
of the sub-adults (Table 5), which is inconsistent with the 
results of Li & Li (2005) (except body length of sub- 
adults, all measurements of Li & Li (2005) were smaller 
than those in this present study) (Table 5). We assume 
these differences were due to the bias from different 
Observers. 


Suggestions 

In summary, the banding and recovery studies over 
the past 30 years had banded large numbers of Black- 
necked Cranes and have provided important information 
of the migration of this species. However, there are still 
Issues that need to be resolved, such as low recovery rate, 
unorganized color ring combinations, lack of standards 
and inefficient communication or data sharing. Under 
these circumstances, we suggest: (1) create a nation-wide 
communication network of Black-necked Cranes 
involving the related nature reserves, forestry departm- 
ents, colleges and institutes. By using this network, the 
utilization of standard color rings and metal rings should 
be promoted and the research or protection results should 
be shared; (2) establish a long-term and stable platform 
for information communicating and sharing which is 
open to all network members; (3) the capture, banding 
and measuring of Black-necked Cranes should carried 
out under professional direction and be well organized; 
(4) set up a standard system of banding. For example, a 
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combination of large and small color rings should be 
adopted. Individuals banded in breeding sites would be 
attached with small rings on left legs and large rings on 
right legs, whereas, birds banded in wintering sites 
would be attached with large rings on left legs and small 
rings on right legs. Large rings are labeled with one letter 
and two digits. Breeding sitesbe labeled with large green 
rings numbered with “B” plus two digits (01-99), while, 
wintering sitesbe labeled with large red rings numbered 
with “W” plus two digits (01-99). Small color rings be 
used to differentiate banding sites (breeding site or 
wintering site), i.e, smaller green rings represent Greater 
Ruoergai area and Dashanbao, smaller yellow rings 
represent Caohai, smaller orange rings represent Huize 
County, Qujing, Yunnan, smaller red rings represent 
Longbaotan and Napahai, smaller white rings represent 
the breeding sites of north Tibet and wintering sites of 
Yarlung Zangbo River, smaller blue rings represent 
Aerhchin, Xinjing and Qinghaihu Lake. For example, the 
first Black-necked Craneto be banded in Dashabao 
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